ABSTRACT: Feed restriction may be a strategy used by farmers to limit digestive disorders after weaning. The objective of this study was to evaluate the effect of feed restriction applied 1 wk after weaning on growth performance and health of pigs reared in 2 different sanitary conditions (Good vs. Poor; managed in opposite ways with respect to cleaning, animal density, and preventive antibiotic use) and confronted with stressful common farming practices (i.e., diet transition and building transfer). At weaning at 4 wk of age, 48 pigs were assigned to 1 of the 4 experimental treatments consisting of 2 sanitary conditions and 2 feeding levels (ad libitum vs. restricted). At 2 d after weaning, restricted pigs received 20% of the feed quantity consumed by ad libitum pigs. The feeding level of the restricted pigs was gradually increased to attain ad libitum feeding on d 8. Imposed stressful conditions occurred at d 12 (the weaner diet replaced the starter diet), d 33 (transfer of pigs from the weaner unit to the grower unit), and d 47 (the grower diet replaced the weaner diet). This allowed 4 distinguishing phases: I, from 0 to 11 d; II, from 12 to 32 d; III, from 33 to 46 d; and IV, from 47 to 60 d after weaning. Poor sanitary conditions resulted in decreased growth performance during phase I (P < 0.001) and III (P < 0.01), and the fi nal BW of pigs kept in Poor sanitary conditions was 4 kg less (P = 0.02) than those kept in Good sanitary conditions. Plasma haptoglobin concentration was increased on d 12 after weaning (P = 0.001) as was the occurrence of soft feces during phases II and III (P ≤ 0.05) in Poor sanitary conditions. In both sanitary conditions, the restricted feeding level resulted in decreased ADG (P < 0.001), increased plasma haptoglobin and salivary cortisol concentrations, and feeding-associated behaviors (P < 0.05) during phase I. In Poor sanitary conditions, feed restriction was very detrimental and differences in ADFI and ADG between restricted and ad libitum pigs increased with time (P = 0.05). Conversely, in Good sanitary conditions, restricted pigs attained the BW of ad libitum pigs before the end of the experiment. In conclusion, imposing feed restriction on pigs during the fi rst days after weaning does not seem to be an effective strategy to decrease the negative effects of Poor sanitary conditions; rather, it reinforces these effects.
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INTRODUCTION
Feed restriction applied after weaning decreases the proliferation of bacteria such as haemolytic Escherichia coli and the incidence of diarrhea, but it also has been associated with a transitory decrease in growth compared with pigs offered feed ad libitum (Rantzer et al., 1996) . Following a period of feed restriction, pigs seem unable to increase their feed intake and to restore growth to the same level as that of control pigs (Kyriazakis and Emmans, 1992) . Nonetheless, the ability for compensatory growth seems to depend on the environment in which the pigs are reared (Kyriazakis and Houdijk, 2007) .
Poor sanitary conditions (i.e., low-quality hygiene) decrease growth performance, increase the occurrence of diarrhea (Williams et al., 1997; Le Floc'h et al., 2009) , and limit the ability of pigs to cope with stressful events such as building transfer (Pastorelli et al., 2012) . The detrimental effect of poor sanitary conditions might result from the continuous stimulation of the immune system (Klasing et al., 1991) , such as the activation of the stress response (Mormède, 1995; Miller and O'Callaghan, 2002) , which requires nutrients.
The objective of our study was to evaluate the effect of temporary feed restriction after weaning and sanitary conditions on growth performance and health of pigs. Our hypothesis was that a short period of feed restriction after weaning could be more benefi cial in "Poor" than in "Good" sanitary conditions because of greater risk of bacterial infection. Moreover, the ability of pigs to recover after a feed restriction might be limited more in Poor than in Good sanitary conditions because of greater nutrient requirements for the immune function and stress response, which interfere with nutrient requirements for growth.
MATERIALS AND METHODS
The experiment was performed at the Institut National de Recherches Agronomiques (INRA) experimental facilities in Saint-Gilles (France) and was compliant with guidelines of the French Ministry of Agriculture for animal experimentation and care.
Experimental Design
The experiment consisted of a complete 2 × 2 factorial combination of 2 sanitary conditions (Good vs. Poor) and 2 feeding levels (ad libitum vs. restricted from 2 to 7 d after weaning). The experimental period was divided in 4 phases (Figure 1 ). During the experiment, all pigs were subjected to 3 successive stressors. The fi rst stressor consisted of a diet transition where the starter diet was replaced by a weaner diet over a 3-d period (from 12 to 14 d after the weaning). The second stressor was the transfer of pigs from the weaning to the grower units 33 d after weaning. A third and probably less severe stressor occurred when the weaner diet was replaced by the grower diet at d 47. Thus, phase I corresponded to the fi rst 12 d after weaning (from 0 to 11 d), during which pigs were housed in a weaning unit and received a starter diet. Phase II corresponded to the next 21 d (from 12 to 32 d after weaning), during which pigs were housed in the weaning unit and received a weaner diet, whereas phase III corresponded to the next 14 d (from 33 to 46 d after weaning), during which the pigs were housed in a grower unit but received the weaner diet. Phase IV was used to study the long-term effect of feed restriction on growth performance. Phase IV corresponded to the last 14 d of the experiment (from 47 to 60 d after weaning), during which the pigs were housed in the grower unit and received a grower diet.
Animals and Housing
Forty-eight pigs [Piétrain × (French Landrace × Large White)] from the INRA herd in Saint-Gilles (France) were weaned at 4 wk of age and assigned to 12 blocks comprising 4 littermates of similar BW (8.6 ± 0.3 kg). At weaning (d 0), pigs were assigned randomly within block to 1 of the 4 experimental treatments (equal numbers of gilts and barrows within a group) and transferred to clean or dirty rooms (i.e., Good or Poor conditions) accordingly. Pigs were housed individually throughout the experiment (0.82 by 0.59 m slatted-fl oor pens in the weaning unit and 2.60 by 0.85 m partial slatted-fl oor pens in the grower unit).
The 2 sanitary conditions were established using a range of measures described previously (Le Floc'h et al., 2006 , 2010 . Briefl y, pigs reared in Good sanitary conditions were housed in 2 rooms (12 individually housed pigs/room) that were cleaned and disinfected (TH5 alkyl dimethyl benzyl ammonium chloride; Sogeval, Laval, France) before and during the experiment. Experimenters wore clean overalls and cover boots before entering the clean rooms. In addition, pigs received a feed antibiotic supplementation. Pigs reared in the Poor sanitary conditions were housed in 2 other rooms that were not cleaned or disinfected after the previous occupation and were not cleaned during the experiment. These pigs did not receive antibiotic supplementation in the diet. For the Poor group, nonexperimental pigs also were housed in the rooms to increase microbial pressure. The objective of this experimental model was to induce a moderate but greater infl ammatory response in pigs in the Poor group relative to those in the Good group. Antibiotics were used in addition to high level of hygiene to modulate the gut microfl ora and prevent the proliferation of pathogenic bacteria and for the anti-infl ammatory effect (Niewold, 2007) and are an integral part of the experimental model. Using this model, more cases of diarrhea and decreased BW gain have been observed after weaning in Poor conditions compared with Good conditions (Le Floc'h et al., 2009; 2010) . Furthermore, the deg- radation of sanitary conditions is considered as a predisposing factor for weaning disorders (Madec and Josse, 1983) .
Diets and Feeding
Three commercial diets were used during the experiment (Table 1 ). The starter diet (phase I) was based on barley, soybean meal, and whey. The weaner (phases II and III) and grower (phase IV) diets were based on corn, barley, wheat, and soybean meal. The starter, weaner, and grower diets provided (DM basis) 11.8, 10.9, and 10.9 MJ NE/kg, respectively, and 13.8, 13.2, and 9.7 g/kg of standardized ileal digestible Lys. Nutrient and energy contents were formulated to meet or exceed the requirements of pigs for the experimental periods studied (Sève, 1994) . Antibiotics (2 g colistin/kg of feed in the weaning unit and 4 g oxytetracycline/kg of feed in the grower unit; as-fed basis) were added to diets offered to pigs reared in the Good conditions. Diets were offered as pellets. The transition between the starter and weaner diets was performed from d 12 to 14 after weaning by mixing equal quantities of the 2 diets. Pigs received the weaner diet from d 15 to 46 and the grower diet from d 47 until the end of experiment. Water was available on an ad libitum basis throughout the experiment through a low-pressure, nipple drinker.
On d 0 and 1 after weaning, pigs received 50 and 80 g of feed, respectively, to prevent overconsumption. From 2 to 7 d after weaning, a restrictive feeding level ( Figure 2A ) was applied for pigs in the restricted group whereas pigs in the ad libitum group were offered feed on an ad libitum basis. On d 2, restricted pigs received 80 g of feed, which corresponded to 20% of the average voluntary feed intake of ad libitum pigs in both sanitary conditions. From d 3 to 7, restricted pigs received, respectively, 30, 40, 60, 80, and 90% of the average quantity of feed voluntary consumed from d 2 to 6 by the ad libitum pigs in both sanitary conditions. This restrictive feeding level is similar to that used by Rantzer et al. (1996) and can be qualifi ed as severe. From d 8 after weaning onwards, feed was offered on an ad libitum basis to all pigs. Feed was distributed twice per day during the fi rst week (1000 and 1600 h) and once daily at 1000 h thereafter.
Measurements, Observations, and Sampling
Pigs were weighed individually after an overnight fast at the beginning of each phase and at the end of the experiment (d 0, 12, 33, 47, and 60) . Pigs also were weighed without overnight fasting on d 5, 8, 15, 19, 22, 26, 29, 36, 40, and 43 . Individual feed refusals were collected and recorded daily until the end of phase III. During phase IV, feed refusals were collected and cumulated for the entire period per pig. The ADG and ADFI were calculated for each phase and for shorter periods con- The consistency of feces was monitored daily until the end of phase III and scored using a 3-point scoring system: 0 for dry or normal feces, 1 for soft or moist 1 The starter diet was fed during phase I (0 to 11 d after weaning), the weaner diet during phases II and III (12 to 32 d after weaning and 33 to 46 d after weaning, respectively), and the grower diet during phase IV (47 to 60 d after weaning).
2 Provided the following amount of vitamins and minerals per kilogram of diets (as-fed basis): the starter diet = vitamin A, 15,000 IU; vitamin D 3 , 3,000 IU; vitamin E, 40 IU; Fe as iron sulfate, 104 mg; Cu as copper sulfate, 20 mg; Zn as zinc oxide, 99 mg; Mn as manganese oxide, 40 mg; Co as carbonate cobalt, 2 mg; Se as sodium selenium, 0.3 mg; and I as calcium iodate, 1 mg; the weaner diet = vitamin A, 10,000 IU; vitamin D 3 , 2,000 IU; vitamin E, 20 mg; Fe as iron sulfate, 104 mg; Cu as copper sulfate, 20 mg; Zn as zinc oxide, 99 mg; Mn manganese oxide, 40 mg; Co as carbonate cobalt, 1 mg; Se as sodium selenium, 0.3 mg; and I calcium iodate, 0.6 mg; and the grower diet = vitamin A, 5,000 IU; vitamin D 3 , 1,000 IU; vitamin E, 20 mg; Fe as iron sulfate, 104 mg; Cu as copper sulfate, 20 mg; Zn as zinc oxide, 99 mg; Mn manganese oxide, 40 mg; Co as carbonate cobalt, 1 mg; Se as sodium selenium, 0.3 mg; and I calcium iodate, 0.6 mg.
3 EC3.1.3.8, Natuphos, BASF (Limburgerhof, Germany).
feces, and 2 for liquid or diarrheic feces as described by Piel et al. (2005) . The percentage of days during which soft or diarrheic feces were observed was calculated for each of the fi rst 3 phases and for the overall period up to the end of phase III (Pastorelli et al., 2012) .
Behavioral observations were made in 1 room per sanitary condition (6 pigs in the restricted group and 6 pigs in the ad libitum group) as described by Pastorelli et al. (2012) . Observations were made during 5 to 7 d after weaning, 12 to 14 d after weaning at the diet transition, and 33 to 35 d after weaning at the building transfer. Observations started after feed distribution at 1000 h by using 2-min instantaneous scan sampling (Altmann, 1974) for 30 min/d. For the observations during d 5 to 7, a supplementary scan sampling was made at 1500 h before the second feed distribution. Two postures (standing and lying) and 4 behaviors (inactive, eating, pen exploring, and trough exploring) were recorded. The recordings during the 30-min scan sampling were expressed as a percentage of time spent for each posture and activity (Pastorelli et al., 2012) .
Blood samples (10 mL) were collected by puncture of the jugular vein into evacuated tubes that contained 150 USP (United States Pharmacopeia) of heparin (BD Vacutainer Systems, Plymouth, UK) on d 12 (5 d after the end of the feed restriction for the restricted pigs), d 19 (1 wk after the diet transition), d 33 (2 h before building transfer), and d 40 (1 wk after the building transfer). Blood samples were centrifuged at 2,500 × g for 15 min at 4°C, and plasma was stored at -20°C. Plasma concentration of haptoglobin was determined using an automated colorimetric method (Phase Haptoglobin Assay T801; Tridelta Ltd, Maynooth, Ireland) with an analyzer (Konelab 20XT Multichannel Analyzer; Thermo Scientifi c, Courtaboeuf, France). The within-assay variation ranged between 0.09 and 1.36%, and the between-assay variation ranged between 7 and 11%. Sensitivity was determined as 0.05 mg/ mL of haptoglobin. Haptoglobin was chosen because it is a major acute-phase protein in pigs and was shown to vary with this experimental model (Le Floc'h et al., 2009) . Saliva samples were collected by allowing the animals to chew on a cotton bud at 1530 h on d 5 and 8 to assess the stress response to feeding level and sanitary conditions and on d 32 and d 33 (5 h after the building transfer) to assess whether previous feed restriction and sanitary conditions modulated the stress responsiveness to a new challenge (the building transfer). Salivary sampling was not possible before d 5 because recently weaned pigs do not salivate enough. The hour of sampling was the same for each day of sampling to prevent within-day variation because of the circadian rhythm of cortisol. Sampling was done in the afternoon because the circadian variation is less important in the afternoon than in the morning (Couret et al., 2009) , thereby minimizing the variation between the pigs sampled fi rst and those sampled last. The buds were centrifuged at 2,000 × g for 10 min at 4°C to remove the saliva, which was then stored at -20°C for later determination of the cortisol concentrations. Cortisol was measured in 200 μL of saliva using a gamma coat cortisol 125 I RIA kit as described previously (Merlot et al., 2004) .
Statistical Analyses
Data were analyzed as a randomized complete block design with a 2 × 2 factorial arrangement of treatments using the PROC MIXED procedure (SAS Inst. Inc., Cary, NC). The pig was the experimental unit. The model included sanitary conditions (Good or Poor), feeding level (ad libitum or restricted), and their interaction as fi xed effects, with block as random effect. Growth performance and fecal scoring were tested for the overall experimental period and by phase. Behavior and plasma haptoglobin were tested separately by day of measurement or sampling. For the cortisol concentrations, the day of sampling × event (feed restriction and building transfer) and the respective interactions with sanitary conditions and feeding level were included in the model. For BW and cumulative feed intake, fi xed effects were nested within successive measurement periods and the time effect was tested using the REPEATED statement (Littell et al., 1998) . For ADG and ADFI observed around stressful events (diet transition and building transfer), periods (before, during, and after) were nested within fi xed effects. Comparisons between each combination of 2 factors or time or both were made by using the Slice option only when P < 0.10 for the F-test of the interaction. When the interaction between sanitary conditions and feeding level was associated with P < 0.10, results were presented as least squares means for the 4 experimental groups (with n = 12 pigs/ treatment). In the absence of an interaction, least squares means were calculated for each factor (with n = 24) of the 2 treatments (sanitary conditions and feed restriction). An effect was considered signifi cant when P < 0.05 and as a trend when P < 0.10.
RESULTS

Growth Performance
The restrictive feeding level was based on the average quantity of feed consumed by pigs offered feed ad libitum for both sanitary conditions from d 2 to 7 after weaning. On average for both sanitary conditions, during the 6 d of feed restriction, restricted pigs consumed 1,098 g of feed vs. 2,095 g for the ad libitum pigs (Figure 2A) . During the period of feed restriction, the feed consumed by restricted pigs in Poor sanitary conditions was 10% less than what had been established in the restrictive feeding level. Because ad libitum pigs consumed less feed in Poor than in Good sanitary conditions ( Figure 2B ), the difference in feed intake between ad libitum and restricted pigs was less in Poor than in Good sanitary conditions.
There was no interaction between feed restriction and sanitary condition for growth performance traits; therefore, the main effects are reported in Table 2 . During phase I, Poor sanitary conditions decreased both ADG and G:F by 36% (P < 0.001). During phase III, Poor sanitary conditions decreased ADFI by 14% (P = 0.002) and ADG by 17% (P = 0.001). Pigs reared in Poor sanitary conditions were lighter than those reared in Good sanitary conditions from the end of phase I (P < 0.001) until the end of phase IV (P = 0.02). The restrictive feeding level applied after weaning decreased growth performance mainly during phase I. As anticipated, ADFI was decreased by 30% (P < 0.001) in restricted pigs during phase I. In addition, ADG was decreased by 40% (P < 0.001) whereas there was a tendency for a lower G:F (P = 0.07) in restricted pigs. The fi nal BW at the end of each phase were less for restricted pigs than for ad libitum pigs although the difference became smaller at the end of phase IV (P = 0.10).
Cumulative feed intake ( Figure 3A ) and BW ( Figure 3B ) were affected by sanitary conditions (P < 0.001), feeding level (P < 0.001), and their interaction (P < 0.05). Restricted pigs consumed less feed than ad libitum pigs during the fi rst 22 d after weaning (P < 0.001; Figure 3A) . From 26 to 33 d after weaning, restricted pigs in Good conditions consumed an intermedi- 1 Values are least squares means (n = 24 pigs/experimental group) calculated on phases I (starter diet and weaning unit), II (weaner diet and weaning unit), III (weaner diet and grower unit), IV (grower diet and grower unit), and on the overall experimental period.
2 Experimental treatments: pigs assigned to the good sanitary conditions were housed in cleaned and disinfected rooms and received an antibiotic supplementation; pigs assigned to the poor sanitary conditions were housed in rooms that were not cleaned; the ad libitum group corresponded to pigs nourished ad libitum on overall experimental period; the restricted group corresponded to pigs that received, from 2 to 7 d after weaning, respectively, 20, 30, 40, 60, 80, and 90% of the amounts of feed voluntary consumed by ad libitum pigs in both sanitary conditions at each previous day.
3 Probability values for the effects of sanitary conditions (SC) and feeding level (FL). The SC × FL interactions were not statistically signifi cant. ate quantity of feed between restricted pigs in Poor conditions and ad libitum pigs in the 2 conditions (sanitary condition × feeding level; P = 0.01). Thirty-three days after weaning and in Good sanitary conditions, feed intake in restricted pigs did not differ from that of ad libitum pigs. Restricted pigs in Poor conditions had the lowest cumulative feed intake on d 47 (P < 0.05). On the d 5 after weaning, restricted pigs were lighter than ad libitum pigs (P < 0.001; Figure 3B ). In Good sanitary conditions, restricted pigs remained lighter than ad libitum pigs (P = 0.02) until 15 d after weaning. The difference became somewhat smaller later on, and restricted and ad libitum pigs had similar BW at the end of the experiment. Restricted pigs reared in Poor conditions were the lightest from 19 d after weaning onwards (P < 0.05).
The difference between restricted and ad libitum pigs increased with time ( Figure 3B) .
After the diet transition, ADFI ( Figure 4A ) increased in the 4 experimental groups (P < 0.05). The ADG (Figure 4 B) was not modifi ed around the diet transition in restricted pigs, but ADG was greater in the few days after the diet change compared with the few days before the diet change (P = 0.11). The ADG increased in ad libitum pigs for the 2 sanitary conditions (P < 0.05). During the building transfer, ADFI ( Figure  4C ) stagnated compared with the period before, except for restricted pigs in Poor conditions, where it decreased by 20% (P = 0.008). During the fi rst few days after the building transfer, ADFI remained constant in restricted pigs in Good conditions and in ad libitum pigs in Poor conditions; however, it increased in the other 2 groups 1 For the fecal score, values are least squares means (n = 12 pigs/experimental group) of percentage of days with soft or diarrheic feces during phase I (0 to 11 d after weaning; starter diet and weaning unit), phase II (12 to 32 d after weaning; weaner diet and weaning unit), phase III (33 to 46 d after weaning; weaner diet and grower unit), and for all 3 phases combined (0 to 46 d after weaning). For the plasma haptoglobin concentration, values are least squares means (n = 12 pigs/experimental group) obtained on d 12 (after the feed restriction), 19 (after the diet transition), 33 (d of the building transfer), and 40 (after the building transfer).
2 Experimental treatments: pigs reared in Good sanitary conditions were housed in cleaned and disinfected rooms and received an antibiotic supplementation; pigs reared in the Poor sanitary conditions were housed in rooms that were not cleaned; the ad libitum group corresponded to pigs that were offered feed ad libitum throughout the experiment; the restricted group corresponded to pigs that received between d 2 and 7 after weaning, respectively, 20, 30, 40, 60, 80 , and 90% of the feed voluntary consumed by ad libitum pigs (average for both sanitary conditions). Restr = restricted.
3 Probability values for the effect of sanitary conditions (SC), feeding level (FL), and their interaction. and more strongly in ad libitum pigs in Good conditions. For this group, the ADFI was greater during the fi rst few days after the building transfer than during the fi rst few days before the transfer (P = 0.03). The ADG decreased after the building transfer compared with the period before ( Figure 4D ). In Good conditions, ADG was decreased by 35 (P = 0.004) and 24% (P = 0.04) for ad libitum and restricted pigs, respectively. In Poor conditions, ADG was decreased by 45% in restricted pigs during the period of building transfer (P < 0.001). For ad libitum pigs in Poor conditions, ADG remained relatively stable between the 3 periods of building transfer. For the other 3 groups, ADG increased after the building transfer; however, in restricted pigs in Poor conditions, ADG was 25% less after the transfer compared with the ADG during the few days before the transfer (P = 0.05).
Health
During phases II and III, the frequency of soft feces was greater in pigs housed in Poor sanitary conditions compared with those housed in Good conditions (P < 0.05; Table 3 ). The frequency of diarrheic feces was relatively low for the fi rst 3 experimental phases. During phases II and III, restricted pigs in Poor conditions tended to have a greater fecal diarrhea score than ad libitum pigs in Poor conditions and restricted pigs in Good conditions (P = 0.10).
Plasma haptoglobin concentration measured at 12 d after weaning was greater for pigs housed in Poor sanitary conditions than in pigs housed in Good sanitary conditions (P = 0.001). It also was greater for restricted pigs compared with ad libitum pigs (P = 0.003). Restricted pigs in Poor conditions had the greatest plasma haptoglobin concentration compared with the 3 other groups (P < 0.001; sanitary condition × feeding level, P = 0.08).
During and immediately after the period of feed restriction, salivary cortisol concentration was greater in pigs housed in Poor sanitary conditions than in those housed in Good sanitary conditions (3.2 vs. 2.6 ng/L; SE = 0.2 ng/L; P = 0.01) and greater in restricted pigs than in ad libitum pigs (3.4 vs. 2.4 ng/L; SE = 0.2 ng/L; P < 0.001). There was no difference, however, between the cortisol concentration during feed restriction (d 5) and that observed immediately after the feed restriction (d 8). In contrast, salivary cortisol increased following the building transfer [2.6 and 5.5 ng/L (SE = 0.4 ng/L) on d 32 and 33 after weaning, respectively; P < 0.001], and the increase was similar for the 4 treatment groups.
Behavioral Observations
During phase I, pigs housed in Poor sanitary conditions were standing more after the feed distribution in the morning (P = 0.05) and before the distribution in the afternoon (P = 0.002) than those housed in Good sanitary conditions (Table 4 ). In the morning after the feed distribution, restricted pigs were standing more (P < 0.001) and spent more time eating (P < 0.001) and exploring the trough (P = 0.008) but spent less time exploring the pen (P < 0.001) than ad libitum pigs. The time spent standing was greater in restricted pigs compared with ad libitum pigs in the 2 sanitary conditions (P < 0.001), but the difference was more important in Good conditions (sanitary condition × feeding level; P = 0.02). In Good conditions (as measured by the scan sampling technique), the time spent eating was least for ad libitum pigs and the greatest for restricted pigs. In Poor sanitary conditions, pigs spent an intermediate time eating (sanitary condition × feeding level, P < 0.001). Before the feed distribution in the afternoon, restricted pigs spent more time standing and exploring the trough but less time eating than ad libitum pigs (P < 0.001). Restricted pigs in Good sanitary conditions spent the most time exploring trough (P < 0.01) whereas ad libitum pigs in both sanitary conditions spent almost no time on this activity.
No effect of the sanitary condition or feed restriction was observed on standing posture and main activities during the diet transition. During the building transfer, pigs housed in Poor sanitary conditions spent more time standing (P = 0.02) and exploring the trough (P = 0.006) than pigs housed in Good sanitary conditions. The restricted pigs spent less time standing than the ad libitum pigs (P = 0.01). The restricted pigs in Poor conditions spent most time exploring the trough compared with the other 3 groups (P < 0.05).
DISCUSSION
The Poor sanitary conditions decreased growth performance of pigs immediately after weaning (phase I) and at the building transfer (phase III), resulting in decreased BW at the end of experiment. This result is agrees with previous reports (Le Floc'h et al., 2006 Floc'h et al., , 2009 Floc'h et al., , 2010 . In phase I, the decreased growth performance of pigs housed in Poor sanitary conditions was not a result of differences in ADFI but seemed concomitant with a greater plasma haptoglobin concentration and increased cortisol. These fi ndings might be indicative of a moderate infl ammatory state and activation of the stress response, both of which require nutrients. This added requirement could interfere with nutrients needed for growth (Klasing et al., 1991; Johnson, 1997; Schrama et al., 1997) . 2 Restriction corresponded to observations performed on 5 to 7 d after weaning, after feed distribution at 1000 and 1500 h before second feed distribution; Diet transition and building transfer corresponded respectively to observations performed after feed distribution at 1000 h on d 12 to 14 after weaning (diet transition between the starter and weaner diet) and on d 33 to 35 (building transfer from the weaning to the grower unit).
3 Experimental treatments: pigs reared in Good sanitary conditions were housed in cleaned and disinfected rooms and received an antibiotic supplementation; pigs reared in Poor sanitary conditions were housed in rooms that were not cleaned; the ad libitum group corresponded to pigs that were offered feed ad libitum throughout the experiment; the restricted group corresponded to pigs that received between d 2 and d 7 d after weaning, respectively, 20, 30, 40, 60, 80 , and 90% of the feed voluntary consumed by ad libitum pigs (average for both sanitary conditions).
4 Probability values for the effect of sanitary conditions (SC), feeding level (FL), and their interaction.
Building transfer affected growth performance in both sanitary conditions although growth recovery was less in pigs housed in Poor sanitary conditions compared with those housed in Good sanitary conditions, as reported previously (Pastorelli et al., 2012) . From a behavioral standpoint, this result was associated with a greater time standing and exploring the trough. Because the housing systems differed (e.g., fully vs. partially slatted fl oors), more substrate was present after the building transfer, which seemed to be explored more by pigs housed in Poor sanitary conditions. These behavioral responses are energy consuming and could play a role in the decrease in the effi ciency of energy use for growth (Schrama et al., 1997) . Furthermore, the stress of building transfer might favor the development of digestive disorders (von Borell, 1995) . Pigs housed in Poor sanitary conditions had a greater occurrence of soft feces during phase III. These results indicate that the combination of an infl ammatory state and the stress of building transfer can lead to digestive disorders in pigs housed in Poor sanitary conditions, which might be a second factor responsible for the lower growth recovery of pigs housed in Poor sanitary conditions.
Feed restriction seemed to penalize growth performance and affect behavior in both sanitary conditions during phase I. The decreased growth performance was largely the result of a lower nutrient supply because during the period of feed restriction, restricted pigs received only half of the feed intake of the ad libitum pigs. The decreased ADG during the period of feed restriction also can be explained by metabolic changes associated with an infl ammatory state and a stress response. The greatest plasma haptoglobin concentration was measured on d 12 in restricted pigs in Poor sanitary conditions, which might be indicative of a synergistic effect of feed restriction and Poor sanitary conditions on the infl ammatory state of pigs during phase I. The observed increase in salivary cortisol concentration in restricted pigs agrees with the known effects of feed restriction on metabolism (Fernandez et al., 1995) , which are partly controlled by the activation of the sympathoadrenal and hypothalamopituitary-adrenocortical axes (Conte-Devolx et al., 1993; Miller and O'Callaghan, 2002) . Mobilization of energy reserves induced by cortisol allows physiological and behavioral adaptations to cope with the stress of feed restriction (Salfen et al., 2003) . In our study, this concept was supported by the increased time spent standing, eating, and exploring the trough during the period of feed restriction in restricted pigs compared with ad libitum pigs. These behavioral responses can refl ect unfulfi lled feeding motivation (Lawrence et al., 1988 (Lawrence et al., , 1993 that often leads to redirected, exploratory behaviors towards the trough in a stereotyped way (Day et al., 1995 (Day et al., , 1998 Studnitz et al., 2007) . These behavioral responses were stronger in the Good than in the Poor sanitary conditions. The short-term effects of feed restriction were similar in the 2 sanitary conditions but the restriction seemed to have more long-term, detrimental effects on growth performance and behavior in Poor than in Good conditions. Indeed, 2 wk after weaning, restricted and ad libitum pigs had a similar BW in Good conditions. In contrast, in Poor conditions, pigs that were restrictively fed during phase I did not compensate, and the difference in feed intake and BW with ad libitum pigs increased with time. The ability of pigs to recover following a period of feed restriction is controversial. Following a period of feed restriction, compensatory lipid but not protein gain has been reported (Kyriazakis and Emmans, 1992) . These authors suggested that the rearing environment might affect the ability of pigs to recover after a feed restriction. In the present study, the Good conditions might have been favorable to allow recovery whereas the recovery potential of the pigs might have been limited in Poor conditions. The recovery cannot be attributed entirely to differences in feed intake because differences in feed intake between sanitary conditions were only observed during phase III. The potential for recovery also could be affected by digestive disorders. There was a trend for a greater occurrence of diarrhea in restricted pigs reared in Poor sanitary conditions. It is possible that the combination of a low nutrient supply with Poor sanitary conditions creates a favorable environment for pathogenic microorganisms, which could result in a decrease in nutrient availability and alterations in the integrity of the digestive tract (Dirkzwager et al., 2005) . Supplementation of antibiotics to pigs in Good sanitary conditions likely prevented the proliferation of pathogenic bacteria (Rantzer et al., 1996) and limited infl ammation (Niewold, 2007) , ensuring a better recovery after feed restriction. Following the building transfer, the ADG of restricted pigs was decreased more in pigs reared in Poor vs. those reared in Good sanitary conditions, which was associated with a decrease in ADFI. In addition, restricted pigs in Poor conditions had diffi culties recovering ADG during the period immediately after the building transfer. These results indicate that the restricted pigs in Poor sanitary conditions were more sensitive and less adaptable to possible stressors associated with common management practices.
In conclusion, the application of a severe feed restriction 1 wk after weaning does not seem to limit the negative effects of Poor sanitary conditions but rather reinforced them. Although pigs under Good sanitary conditions can recover from a period of feed restriction within a few weeks, we could not demonstrate any benefi cial health effect of a feed restriction.
